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DESCRIPTION 

LUBRICANT FEED STATE MONITORING SENSOR AND 
LUBRICANT FEED STATE MONITORING DEVICE 

Related Application 

[0001] This is a §371 of International Application No. PCT/JP2004/000106, with an inter- 
national filing date of January 9, 2004 (WO 2005/057079 Al, published June 23, 2005), which is 
based on Japanese Patent Application No. 2003-413887, filed December 11, 2003. 

Technical Field 

[0002] The present invention relates to sensors and devices for monitoring the feed state of 
lubricant fed to points to be lubricated such as bearings of rotary machines. 

Background 

[0003] A large number of rotary machines are generally used in production facilities of fac- 
tories, where a lot of automatic central lubricating devices are used for feeding the bearings of 
rotary machines and the like with lubricant such as grease at regular intervals. A leading cause 
of troubles of rotary machines is poor lubrication. Accordingly, it is important to monitor whe- 
ther lubricant is applied to the respective facilities appropriately. 

[0004] Known methods for monitoring the feed state of lubricant from automatic central lub- 
ricating devices include a method of checking whether lubricant is fed appropriately by counting 



the number of operations of distributing valves in a specified time using the fact that the distri- 
buting valves operate when lubricant is fed at regular intervals. 

[0005] However, this method cannot provide information on the feed state of lubricant in 
channels following the distributing valves. Accordingly, poor lubrication due to the breakage or 
clogging of lubricant feed pipes from the distributing valves through bearings cannot be moni- 
tored by this method. 

[0006] Another known method is a method of checking the feed state of lubricant from dis- 
tributing valves to object mechanical components to be fed with the lubricant such as bearings 
using pressure sensors mounted to lubricant feed pipes adjacent to lubricating points. Known 
pressure sensor methods include a method of comparing the pressure of lubricant in lubricant 
feed pipes which is measured with the pressure sensors and a predetermined pressure with a con- 
troller and determining whether no lubricant is fed or whether the pressure sensor abnormal from 
the comparison results and generating an alarm as disclosed in, for example, JP-A-2001-164916. 
[0007] However, these pressure sensor methods need to mount a pressure sensor to every 
lubricant feed pipes adjacent to lubricant points and to supply power to all the pressure sensors. 
Accordingly, if several thousand monitor points of a production factory are configured by the 
pressure sensor systems, a large-scale monitoring system will be required, thus increasing instal- 
lation cost. 

[0008] Another known method is a method in which piezoelectric elements are disposed in 
contact with the channel of lubricant, the pulse pressure in the channel is applied to the piezo- 
electric elements, and the resultant electrical charge is converted to voltage to determine the lub- 
ricant feed state as disclosed in, for example, JP-A-1- 197623. 
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[0009] However, the method of applying the pulse pressure of lubricant to the piezoelectric 
elements in contact with the channel cannot provide sufficiently strong signals. In other words, 
the method cannot provide practical output enough to know the lubricant feed state, thus posing 
the problem of lacking reliability. 

Summary 

[0010] A low-price lubricant- feed-state monitoring sensor and a lubricant-feed-state moni- 
toring device capable of reliably monitoring the feed state of lubricant to be fed to portions such 
as bearings of rotary machines in the vicinity of the lubricating points is disclosed. 
[0011] A lubricant-feed-state monitoring sensor disposed directly to a device that needs to be 
fed with oily or fatty lubricant or to a lubricant feed pipe for feeding lubricant to the device, for 
monitoring the feed state of lubricant by detecting the feed of the lubricant to the device is dis- 
closed. The sensor includes a detection member disposed in such a manner that a first end is 
fixed and a second end is positioned in the flow of lubricant produced when the lubricant is fed, 
the detection member undergoing bending deflection by the displacement of the second end due 
to the flow of the lubricant, and the detection member having a piezoelectric element that gener- 
ates voltage by the bending deflection. 

[0012] There is provided a lubricant-feed-state monitoring device, including: a sensor dis- 
posed directly to a device that needs to be fed with oily or fatty lubricant or to a lubricant feed 
pipe for feeding lubricant to the device, for monitoring the feed state of lubricant by detecting the 
feed of the lubricant to the device; and a count unit that counts the number of feedings of lubri- 
cant to the device on the basis of a detection signal output from the sensor. The sensor includes a 
detection member disposed in such a manner that a first end is fixed and a second end is posi- 
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tioned in the flow of lubricant produced when the lubricant is fed, the detection member under- 
going bending deflection by the displacement of the second end due to the flow of the lubricant, 
the detection member having a piezoelectric element that generates voltage by the bending de- 
flection; and the counter unit counts the number of feedings of lubricant on the basis of a voltage 
pulse of a detection signal output as voltage from the piezoelectric element. 
[0013] A sensor having a piezoelectric element is disposed directly to a device that needs to 
be fed with oily or fatty lubricant or to a lubricant feed pipe for feeding lubricant to the device. 
Thus there is no need to have a driving power source, so that the lubricant feed state can be mon- 
itored at low cost. Furthermore, a detection member having a piezoelectric element is disposed 
in such a manner that a first end is fixed and a second end is positioned in the flow of lubricant, 
produced when the lubricant is fed, so that the detection member undergoes bending deflection 
by the displacement of the second end due to the flow of the lubricant, by which the piezoelectric 
element generates voltage. This structure can output voltage larger than that of detecting pulsed 
voltage of lubricant. Accordingly, the lubricant feed state can be monitored reliably in the vicin- 
ity of lubricating points. 

[0014] The detection member may further include a coating member made of a flexible 
material that coats the piezoelectric element. The detection member may further include a rein- 
forcing member that sandwiches the piezoelectric element, and a coating member made of a flex- 
ible material that coats the reinforcing member. 

[0015] The sensor may be such a structure that further includes a T-shaped member having a 
lubricant passage connected to the lubricant feed pipe and a detection member insertion portion 
extending vertically from the middle of the lubricant passage, into which the detection member is 
inserted. The first end of the detection member may be fixed to the top of the detection member 
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insertion portion, and the second end may be positioned in the lubricant passage without 
restraint. 

[0016] A lubricant-feed-state monitoring sensor according to the invention includes: a mem- 
ber that undergoes bending deflection by the lubricant flow when the lubricant is fed; signal 
conversion means that senses the strain of the member generated due to the bending deflection 
and converts the strain to an electrical signal; and pipe joint means for connecting to the lubricant 
feed pipe disposed so that the member undergoes the bending deflection due to the lubricant 
flow, the pipe joint means having a retaining seal structure for retaining the disposed member 
and preventing the leakage of the lubricant. 

[0017] In the lubricant-feed-state monitoring device, the pipe joint means may be configured 
of one joint of a T-shaped pipe joint, a Y-shaped pipe joint, a cross pipe joint, an elbow, and a 
bend. 

[0018] The lubricant- feed-state monitoring device may include the counter unit that counts 
the number of feedings of lubricant on the basis of an electrical signal converted from the bend- 
ing strain of the member when the lubricant is fed, the signal being output from the signal con- 
version means. 

[0019] In the lubricant-feed-state monitoring device, the counter unit may be disposed rotat- 
ably to the pipe joint means. 

[0020] In the lubricant-feed-state monitoring device, the counter unit may be disposed de- 
tachably from the pipe joint means. 

[0021] In the lubricant- feed-state monitoring device, the counter unit may connect to the pipe 
joint member via a flexible tube. 
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[0022] In the lubricant-feed-state monitoring device, the counter unit may include clamp 
means or attracting means. 

[0023] The lubricant-feed-state monitoring device may further include date setting means 
capable of setting and displaying date including at least month and day. 

[0024] In the lubricant-feed-state monitoring device, the counter unit may include reset 
means for resetting the count. 

[0025] In the lubricant-feed-state monitoring device, the counter unit may include a timer 
unit that generates signals at regular intervals and an alarm unit that generates an alarm when the 
number of lubricant feedings detected in the interval is smaller than a predetermined number of 
lubricant feedings. 

[0026] In the lubricant-feed-state monitoring device, the counter unit may include an alarm 
unit that takes in a signal indicative of the operation of a distributing valve upstream in the lub- 
ricant feed pipe as a lubricant feed signal, and generates an alarm when there is no output 
indicative of lubricant feeding from the lubricant-feed-state monitoring device or when the out- 

* 

put is small in a given period of time after the lubricant feed signal has been detected. 
[0027] In the lubricant-feed-state monitoring device, the counter unit may include an alarm 
unit that takes in a start-up signal of a lubricant feed pump that pumps lubricant to the lubricant 
feed pipe as a lubricant feed signal, and generates an alarm when there is no output indicative of 
lubricant feeding from the lubricant-feed-state monitoring device or when the output is small in a 
given period of time after the lubricant feed signal has been detected. 

[0028] In the lubricant-feed-state monitoring device, the alarm unit may generate an alarm 
by at least one of sound, light, and mechanically retained indication. 
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[0029] In the lubricant-feed-state monitoring device, the counter unit may include a radio 
unit that takes in at least one of the signal output from the signal conversion means, the count 
signal indicative of the number of lubricant feedings, the operation signal of the distributing 
valve, the start-up signal of the lubricant feed pump, and the alarm signal from the alarm unit and 
transmits the signal by radio. 

[0030] In the lubricant-feed-state monitoring device, the counter unit may include a data 
collection unit that takes in at least one of the signal output from the signal conversion means, 
the count signal indicative of the number of lubricant feedings, the operation signal of the distri- 
buting valve, the start-up signal of the lubricant feed pump, and the alarm signal from the alarm 
unit; and a transmission unit that transmits the collected data via cable, radio, telephone line, or 
LAN. 

[0031] In the lubricant- feed-state monitoring device, the member may be a piezoelectric ele- 
ment serving also as the signal conversion means. 

[0032] In the lubricant-feed-state monitoring device, the member may be formed in such a 
manner that a piezoelectric element serving also as the signal conversion means is coated with a 
coating member. 

[0033] In the lubricant-feed-state monitoring device, the member may be formed in such a 
manner that a piezoelectric element serving also as the signal conversion means and a contact 
member that is in contact with the piezoelectric element are coated with a coating member. 
[0034] In the lubricant-feed-state monitoring device, the signal conversion means may be a 
strain gauge. 

[0035] In the lubricant-feed-state monitoring device, the member may include the strain 
gauge. 
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[0036] There is provided a method of monitoring the feed state of lubricant to a device that 
needs to be fed with the lubricant to be lubricated using a sensor that is mounted to the device or 
a lubricant feed pipe connected to the device. The method includes: disposing the sensor so as 
to undergo bending deflection by the lubricant flow when the lubricant is fed; converting the 
strain generated by the sensor owing to the bending deflection due to the lubricant flow to an 
electrical signal; counting the number of lubricant feedings to the device that needs to be fed 
with the lubricant on the basis of the electrical signal; and when the counted number of lubricant 
feedings falls below a predetermined number of lubricant feedings in a given period of time, 
determining that the lubricant feed state is abnormal. 

[0037] There is provided a method of monitoring the feed state of lubricant to a device that 
needs to be fed with the lubricant using a sensor that is mounted to the device or a lubricant feed 
pipe connected to the device. The method includes: disposing the sensor so as to undergo bend- 
ing deflection by the lubricant flow when the lubricant is fed; converting the strain generated by 
the sensor owing to the bending deflection due to the lubricant flow to an electrical signal; mea- 
suring the peak voltage of the electrical signal by peak hold processing of the electrical signal; 
and when the peak voltage comes out of a predetermined range, determining that the lubricant 
feed state is abnormal. 

[0038] In the method of monitoring the feed state of lubricant, a lower threshold and a upper 
threshold are set for the peak voltage in advance; and when the peak voltage falls below the 
lower threshold, it is determined that the amount of lubricant has decreased or stopped, and when 
the peak voltage exceeds the upper threshold, it is determined that the part downstream from the 
sensor is clogged. 
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[0039] In the method of monitoring the feed state of lubricant, a piezoelectric element is used 
for the sensor. 

[0040] In the method of monitoring the feed state of lubricant, when a piezoelectric element 
is used as the sensor, the capacitance of the sensor is measured after the monitoring of the lubri- 
cant feed state has been started, and when the capacitance becomes smaller than a predetermined 
threshold, it is determined that the sensor is abnormal, and abnormality owing to the abnormal 
sensor is removed from the determination on abnormality based on the count of lubricant feed- 
ings, on the basis of the determination on the sensor abnormality. 

[0041] In the method of monitoring the feed state of lubricant, when a piezoelectric element 
is used as the sensor, the capacitance of the sensor is measured after the monitoring of the lubri- 
cant feed state has been started, and when the capacitance becomes smaller than a predetermined 
threshold, it is determined that the sensor is abnormal, and abnormality owing to the abnormal 
sensor is removed from the determination on abnormality based on the peak voltage, on the basis 
of the determination on the sensor abnormality. 

[0042] In the method of monitoring the feed state of lubricant, a piezoelectric element coated 
with a coating member is used as the sensor. 

[0043] In the method of monitoring the feed state of lubricant, a piezoelectric element coated 
with a coating member and a contact member in contact with the piezoelectric element are used 
as the sensor. 

[0044] In the method of monitoring the feed state of lubricant, a strain gauge is used as the 
sensor. 
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Brief Description of the Drawings 

[0045] Fig. 1 is a sectional view showing the structure of a lubricant-feed-state monitoring 
sensor. 

[0046] Fig. 2 is a sectional view showing the structure of a detection member of the lubri- 
cant-feed-state monitoring sensor of Fig. 1. 

[0047] Fig. 3 is a schematic diagram of a structural example in which the lubricant- feed-state 
monitoring sensor is incorporated in a lubricant feed circuit. 

[0048] Fig. 4 is a diagram showing the output waveform of the lubricant-feed-state moni- 
toring sensor. 

[0049] Fig. 5A is a schematic diagram of a system used in an experiment for confirming 
selected advantages. 

[0050] Fig. 5B is a schematic diagram of a system used in an experiment for confirming 
selected advantages. 

[0051] Fig. 6 is a diagram showing the output waveform of a lubricant-feed-state monitoring 
sensors according to one example and a comparative example. 
[0052] Fig. 7 is a schematic diagram of a lubricant-feed-state monitoring device. 
[0053] Fig. 8 is a schematic diagram of another lubricant- feed-state monitoring device. 
[0054] Fig. 9 is a schematic diagram of yet another lubricant-feed-state monitoring device. 
[0055] Fig. 10 is a schematic diagram of still another lubricant- feed-state monitoring device. 
[0056] Fig. 1 1 is a schematic diagram of a further lubricant-feed-state monitoring device. 
[0057] Fig. 12 is a schematic diagram of a still further lubricant- feed-state monitoring 
device. 
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[0058] Fig. 13 is a sectional view of another structure of the lubricant-feed-state monitoring 
sensor. 

[0059] Fig. 14 is a sectional view of another structure of the lubricant-feed-state monitoring 
sensor. 

[0060] Fig. 15 is a schematic diagram of a structural example in which the lubricant- feed- 
state monitoring sensor is incorporated in a lubricant feed circuit. 

[0061] Fig. 16 is a schematic diagram of another structural example in which the lubricant- 
feed-state monitoring sensor is incorporated in a lubricant feed circuit. 

[0062] Fig. 17 is a simplified sectional view of the structure of a lubricant- feed-state moni- 
toring sensor. 

[0063] Fig. 1 8 is a simplified sectional view of the structure of another lubricant- feed-state 
monitoring sensor. 

[0064] Fig. 19 is a simplified sectional view of the structure of yet another lubricant- feed- 
state monitoring sensor. 

[0065] Fig. 20 is a sectional view of the structure of still another lubricant-feed-state moni- 
toring sensor. 

[0066] Fig. 21 is a sectional view of a detection member viewed from the side. 
[0067] Fig. 22 is a diagram showing the waveform output from a lubricant-feed-state moni- 
toring sensor using a strain detecting element. 

[0068] Fig. 23 A is a simplified sectional view of a lubricant-feed-state monitoring device. 
[0069] Fig. 23B is a simplified sectional view of another lubricant-feed-state monitoring 
device. 
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[0070] Fig. 23C is a simplified sectional view of yet another lubricant- feed-state monitoring 
device. 

[0071] Fig. 24 is a simplified sectional view of still another lubricant- feed-state monitoring 
device. 

[0072] Fig. 25A is a diagram showing a state in which a counter unit is mounted to a lubri- 
cant feed pipe. 

[0073] Fig. 25B is a diagram showing a state in which the counter unit is mounted to the lub- 
ricant feed pipe. 

[0074] Fig. 26A is a diagram showing a state in which the counter unit is mounted on a pipe 
joint. 

[0075] Fig. 26B is a diagram showing a state in which the counter unit is mounted on a pipe 
joint. 

[0076] Fig. 26C is a diagram showing a state in which the counter unit is mounted on a pipe 
joint. 

[0077] Fig. 27 is a simplified sectional view of a lubricant-feed-state monitoring device. 
[0078] Fig. 28 is a schematic diagram of a structural example in which the lubricant-feed- 
state monitoring device is incorporated in the lubricant feed circuit. 
[0079] Fig. 29 is a diagram of a date setting mechanism. 

[0080] Fig. 30 is a simplified sectional view of a lubricant-feed-state monitoring device. 
[0081] Fig. 31 is a block diagram of the structure of a counter unit of a lubricant- feed-state 
monitoring device. 

[0082] Fig. 32 is a block diagram of the structure of another counter unit of a lubricant- feed- 
state monitoring device. 
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[0083] Fig. 33 is a block diagram of the structure of a counter unit of a lubricant- feed-state 
monitoring device. 

[0084] Fig. 34 is a block diagram of the structure of a counter unit of a lubricant-feed-state 
monitoring device. 

[0085] Fig. 35 is a block diagram of the structure of a counter unit of a lubricant-feed-state 
monitoring device. 

[0086] Fig. 36 is a block diagram of the structure of another counter unit of a lubricant-feed- 
state monitoring device. 

[0087] Fig. 37 is a diagram showing the structure of a mechanical alarm display unit. 
[0088] Fig. 38 A is a diagram showing the structure of a mechanical alarm display unit. 
[0089] Fig. 38B is a diagram showing the structure of a mechanical alarm display unit. 
[0090] Fig. 39 is a graph of a method of monitoring a lubricant feed state, showing an exam- 
ple of changes in the number of lubricant feedings with time per fixed period which are mea- 
sured using a counter unit. 

[0091] Fig. 40 is a graph showing the relationship between the cumulative numbers of lubri- 
cant feedings and time. 

[0092] Fig. 41 is a graph of a method of monitoring a lubricant feed state, showing an exam- 
ple of changes in sensor output with time of the peak voltage which were measured using a de- 
vice which can perform a peak hold processing. 

[0093] Fig. 42 is an explanatory diagram of a test screen of an oscilloscope on which a wave- 
form output by a sensor is displayed without peak hold processing. 

[0094] Fig. 43A shows changes in capacitance due to the breakage of the distal end of the 
sensor of a lubricant- feed-state monitoring sensor having a piezoelement as a sensor. 
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[0095] Fig. 43B is a graph showing changes in capacitance due to the breakage of the distal 
end of the sensor of a lubricant- feed- state monitoring device having a piezoelement as a sensor. 

Detailed Description 

[0096] Fig. 1 is a sectional view showing the structure of a lubricant-feed-state monitoring 
sensor. 

[0097] The lubricant-feed-state monitoring sensor 1 has the following structure. A nipple 3 
connects to a joint portion 2b of a T-shaped pipe joint 2. The T-shaped pipe joint 2 is to be con- 
nected to a lubricant feed pipe for feeding oily or fatty lubricant, such as grease, to a lubricating 
point, such as a bearing of a rotary machine. A socket 5, in which a plug 4 is inserted, connects 
to the opposite side of the nipple 3. A plate-like detection member 6 having a piezo element 
(piezoelectric element) 8 is inserted through an opening of the plug 4 into the T-shaped pipe joint 
2. The plug 4 and the socket 5 are screwed up. The nipple 3 and the socket 5, and the nipple 3 
and the joint portion 2b are also screwed up. 

[0098] A main pipe 2a of the T-shaped pipe joint 2 connects to a lubricant feed pipe (not 
shown), thus functioning as a lubricant passage. The joint portion 2b extends vertically from the 
center of the main pipe 2a. The joint portion 2b, the nipple 3, the plug 4, and the socket 5 con- 
stitute a detection member insertion portion 15 into which a detection member 6 is to be inserted. 
In place of the T-shaped pipe joint 2, a joint in which a Y-shaped pipe joint or a cross joint hav- 
ing a plug may be used. However, it is desirable to use the T-shaped pipe joint 2 because of ease 
of configuration. 

[0099] The nipple 3 and the socket 5 are not always needed because they are provided to 
adjust the length of the detection member insertion portion 15 to the length of the detection 
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member 6. However, as will be described below, it is desirable to have the nipple 3 and the 
socket 5 because the detection member 6 needs to have some length to improve the sensitivity. 
[00100] The upper end of the detection member 6 is fixed such that the top of the plug 4 is 
fixed with a resin 7, thereby preventing the leakage of lubricant from the T-shaped pipe joint 2. 
The lower end of the detection member 6 is positioned without restraint in the main pipe 2a func- 
tioning as a lubricant passage. Accordingly, when lubricant is fed and flows in the main pipe 2a, 
the lower end of the detection member 6 is displaced by the flow of the lubricant to undergo 
bending deflection. The piezo element 8 thus develops electrical charge by the bending de- 
flection to generate voltage. 

[00101] As shown in the sectional view of Fig. 2, the detection member 6 has a structure in 
which a longitudinal rectangular piezo element 8 is sandwiched by reinforcing plates 9, the 
whole of which is covered with a flexible coating member 10. 

[0100] The piezo element 8 has an end electrode on both sides. The end electrodes connect 
to a lead 1 1 for extracting the voltage generated by the piezo element 8 by soldering or the like. 
In other words, when the piezo element 8 is subjected to bending stress associated with the flow 
of lubricant to be strained, voltage is generated on both ends of the lead. 

[0101] For the piezo element 8, a bending type, i.e., those capable of generating voltage by 
bending deflection, as described above, is used, which may be either a monomorph type com- 
posed of one piezo element or a bimorph type composed of two piezo elements. When the 
bimorph piezoelectric element is bent by a force F, one of the piezo elements extends and the 
other element contracts, so that both of the two elements generate electrical charge, thereby pro- 
ducing large output. The piezo element 8 may be composed of plate-like three or more piezo 
elements. The piezo element 8 is preferably made of piezoelectric ceramic or polymeric piezo- 
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electric film provided that it has a piezoelectric characteristic. Among them, piezoelectric 
ceramic having a high output voltage is desirable. The piezo element 8 may be in any shape, 
such as a rod or a half cylinder provided that it has a length sufficient to receive the bending 
stress from the lubricant flow. However, it preferably has the shape of an elongated rectangle in 
view of convenience in handling and manufacturing cost. 

[0102] The reinforcing plate 9 is provided to prevent the breakage of the piezo element 8 due 
to bending stress. The reinforcing plate 9 may be made of, so long as a material thereof can pre- 
vent the breakage of the piezo element 8 due to a specified bending stress, metal such as iron and 
polymeric materials such as plastic provided that they are isolated from the piezo element 8. The 
reinforcing plate 9 may be disposes either on both sides of the piezo element 8 or on one side. 
[0103] The coating member 10 is for protecting the piezo element 8 and the reinforcing plate 
9 altogether, and if the piezo element 8 is broken, for preventing the broken pieces from entering 
the lubricant to cause abnormality of facilities. The coating member 10 is particularly effective 
when the piezo element 8 is formed of weak ceramic. It is preferable that the coating 10 be made 
of a flexible material having a sufficient protective function, such as resin. For example, it is 
preferable to use heat shrinkable film. 

[0104] The reinforcing plate 9 and the coating member 10 may have a multilayer structure, 
depending on the material and the condition of using the piezo element 8. The reinforcing plate 
9 and the coating member 10 are not always needed. The piezo element 8 may be directly 
covered with the coating member 10 to form the detection member 6 without using the rein- 
forcing plate 9, or alternatively, the piezo element 8 sandwiched by the reinforcing plates 9 may 
be used as the detection member 6. When the piezo element 8 has sufficient strength and tough- 
ness, the detection member 6 may be composed of only the piezo element 8. However, it is pre- 
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ferable to provide the coating member 10 because it has the function of providing strong 
moisture resistance and electrical insulation. 

[0105] Fig. 3 shows a structural example in which the lubricant-feed-state monitoring sensor 
1 is incorporated in a lubricant feed circuit. 

[0106] The lubricant-feed-state monitoring sensor 1 is incorporated in part of the lubricant 
feed circuit configured of an automatic central lubricating device that feeds lubricant at regular 
intervals. Specifically, the lubricant-feed-state monitoring sensor 1 is disposed in a midpoint of a 
lubricant feed pipe 13 branching from a distributing valve 12. To monitor the feeding of lubri- 
cant to a lubricating point, it is preferable to dispose the lubricant-feed-state monitoring sensor 1 
close to a bearing 14 which is a lubricating point, or to the bearing 14 itself. 
[0107] In the lubricant- feed-state monitoring sensor thus constructed, when lubricant is fed 
through the lubricant feed pipe 13 to a lubricating point, the flow of lubricant generates in the 
main pipe 2a of the T-shaped pipe joint 2 in the direction indicated by the arrow shown in Fig. 1. 
Then, the detection member 6 is bent downstream, with the portion fixed by the resin 7 as the 
fulcrum. As a result, opposite electrical charges generate on the front and back surfaces of the 
piezo element 8 to generate voltage at the both ends of the lead 1 1 . Thus the feed state of lubri- 
cant can be grasped by detecting the voltage. 

[0108] Fig. 4 shows the output waveform at that time. The axis of ordinate indicates the vol- 
tage generated in the lead 11, and the axis of abscissa indicates the elapsed time. As shown in 
Fig. 4, when the intermittent pressure flow of lubricant is applied to the detection member 6 to 
cause bending deflection, a pulsed voltage 17 is generated. When the flow of lubricant stops, the 
detection member 6 is recovered to the initial state by the elasticity of the piezo element 8 and 
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the reinforcing plate 9. At that time, the bending strain applied is reduced to generate a reverse- 
polarity pulsed voltage 18. 

[0109] In this way, a pair of positive and negative voltage pulses is generated by the inter- 
mittent lubricant flow to form a waveform with little noise, as shown in Fig. 4. Accordingly, the 
longer the detection member 6, the stronger the bending strain becomes, thus generating higher 
voltage. 

[0110] Since the lubricant- feed-state monitoring sensor according to this embodiment is 
designed on the above-described principle using the piezo element 8, it generates high voltage at 
the level that needs no special amplifying process and noise rejecting process in signal pro- 
cessing. Also, the use of the piezo element 8 allows the lubricant feed state to be grasped with- 
out using a power source. Consequently, a compact and low-price lubricant-feed-state monitor- 
ing sensor can be provided. 

[0111] According to the principle, since the bending strain of the detection member 6 
increases with an increasing amount of lubricant, the peak of the voltage 17 generated also 
increases. Accordingly, it can be determined that, when the voltage 17 is higher than a specified 
voltage, a sufficient amount of lubricant is being fed; when the voltage 17 is lower than that, the 
amount of fed lubricant is insufficient. 

[0112] Furthermore, the upper end of the detection member 6 having the piezo element 8 is 
fixed, and the lower end is disposed so as to be positioned in the flow of lubricant which is 
formed when lubricant is fed so that the flow of the lubricant causes displacement at the lower 
end to generate bending deflection, thereby casing the piezo element 8 to generate voltage. 
Accordingly, this structure can provide substantially higher output than that of the case of detect- 
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ing the pulsed pressure of lubricant, as in Patent Document 2, thus allowing reliable monitoring 
of the lubricant feed state in the vicinity of lubricating points. 

[0113] An experiment in which the above-described effects were confirmed will now be 
described. 

[0114] A lubricant or grease feeding unit, shown in Fig. 5 A, was prepared, to which the lub- 
ricant-feed-state monitoring sensor according to the structure shown in Fig. 1 and a comparative 
lubricant-feed-state monitoring sensor shown in Fig. 5B were mounted. Specifically, the lubri- 
cant-feed-state monitoring sensor was mounted in such a manner that the detection member is 
vertically cantilevered in a T-shaped pipe joint (1/4B) with one end being fixed, while the com- 
parative lubricant-feed-state monitoring sensor was disposed horizontally in a T-shaped pipe 
joint (1/4B) with the both ends being fixed, like the sensor disclosed in JP-A-1 -197623. A piezo- 
electric element made of a 5 x 60 x 0.5 mm lead-zirconate-titanate-based ceramic was used as a 
detection member, over which a heat shrinkable film (known under the trade name of Sumitube) 
was coated. 

[0115] The grease serving as lubricant was intermittently fed with a farval pump. Fig. 6 
shows the state of the detected voltage at that time. As shown in Fig. 6, for the comparative 
example, a pulse as low as a few millivolts was given by the feeding of grease; for the embod- 
iment, a pulse exceeding 20 millivolts was given. This shows that the structure of the invention 
allows the lubricant feed state to be monitored more reliably. 

[0116] The structure of a monitoring device for monitoring the lubricant feed state using the 
lubricant-feed-state monitoring sensor 1 will be described. 

[0117] Fig. 7 is a schematic diagram of a lubricant- feed-state monitoring device. 
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[0118] The lubricant- feed-state monitoring device according to the first embodiment is a 

* 

device in which a counter unit 25 is mounted to the lubricant- feed-state monitoring sensor 1. 
The lead 1 1 of the lubricant-feed-state monitoring sensor 1 and the input terminal of the counter 
unit 25 connect to each other. 

[0119] Every time lubricant flow is generated, the detection member 6 detects the flow, and 
the counter unit 25 counts the number of lubricant feedings and displays the count. The initial 
count of the counter unit 25 is recorded, and after a given period of time, the count displayed on 
the counter unit 25 is checked. The initial count is subtracted from the displayed count to deter- 
mine the number of lubricant feedings in the period of time. Here, when no count is displayed, it 
indicates that no lubricant is fed or little lubricant is fed. Accordingly, it can be determined 
whether lubricant is normally fed by comparing the calculation with the number of feedings of 
lubricant to be fed in a given period of time. 

[0120] In this case, since the piezo element 8 is used as the detection member 6, there is no 
need to have a power supply for feeding the detection member 6 but only the counter unit 25 
requires power. Accordingly, the use of a compact battery for the counter unit 25 can decrease 
the size and cost of the entire device. 

[0121] Fig. 8 is a schematic diagram of a lubricant-feed-state monitoring device. The lubri- 
cant-feed-state monitoring sensor 1 is provided with the counter unit 25, a timer unit 26, and an 
alarm unit 27. 

[0122] An arithmetic unit (not shown) determines whether lubricant has been fed in a given 
period of time from the number of lubricant feedings counted by the counter unit 25 and time 
information from the timer unit 26. When no or little lubricant has been fed in a given period of 
time, the alarm unit 27 generates an alarm. 
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[0123] A poor lubricant feed state can be monitored and a failure alarm can be generated by 
a relatively small device. Accordingly, the counter unit 25, the timer unit 26, and the alarm unit 
27 may either be integrated to one or separated and connected to one another via a signal line. 
[0124] The alarm unit 27 may generate an alarm with light or sound, or alternatively, may 
electronically display an alarm or mechanically switch to display an alarm. 
[0125] Fig. 9 is a schematic diagram of a lubricant-feed-state monitoring device. The moni- 
toring device includes the lubricant- feed-state monitoring sensor 1, the counter unit 25, the alarm 
unit 27, and a distributing-valve displacement sensor 28. 

[0126] The distributing-valve displacement sensor 28 detects the operation of the distributing 
valve 12, and takes in the timing at which the distributing valve 12 is activated as a lubricant 
feed timing. When the count of the counter unit 25 does not increase in a given period of time 
after the distributing valve 12 is activated, it is determined that lubricant feeding is faulty, and 
the alarm unit 27 generates an alarm of it. 

[0127] The monitoring device has the distributing-valve displacement sensor 28, in place of 
the timer unit 26 of the foregoing to detect the displacement of the distributing valve, thereby 
monitoring the lubricant feed state when the distributing valve 12 is activated. Accordingly, this 
monitoring device can detect abnormality faster than using the timer unit 26. 
[0128] Fig. 10 is a schematic diagram of a lubricant- feed-state monitoring device. The mon- 
itoring device includes the lubricant-feed-state monitoring sensor 1, the counter unit 25, the 
alarm unit 27, and a lubricant-feed-pump start-up signal 29. 

[0129] When the count of the counter unit 25 does not increase in a specified time after the 
lubricant-feed-pump start-up signal 29 is turned on, it is determined that the lubricant feeding is 
faulty, and the alarm unit 27 generates an alarm about it. 
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[0130] The monitoring device has the lubricant-feed-pump start-up signal 29 in place of the 
timer unit 26 of the foregoing embodiment to detect the ON state of the lubricant-feed-pump 
start-up signal 29, thereby monitoring the lubricant feeding state. Accordingly, this monitoring 
device can detect abnormality faster than using the timer unit 26. 

[0131] Fig. 1 1 is a schematic diagram of a lubricant-feed-state monitoring device. The mon- 
itoring device of this embodiment includes a radio unit 30 and a data collection unit 31 in addi- 
tion to the monitoring device of the first or other embodiments. 

[0132] With the monitoring device, the user can collect data on the lubricant feed state of 
facilities that are difficult to access in operation for safety reasons, and monitor it. Here, the data 
being collected may either be the count or the determination on the lubricant feed state. 
[0133] Fig. 12 is a schematic diagram of a lubricant- feed-state monitoring device according 
to another embodiment. The monitoring device of this embodiment is configured as an online 
monitoring system. The lubricant-feed-state monitoring sensor 1 connects to the counter unit 25 
and a data-collection monitoring device 35 via the lead 11, and transmits data on the lubricant 
feed state to a personal computer 36 via cable, radio, telephone line, LAN, etc. (not shown). 
[0134] This structure allows, for particularly important facilities, centralized continuous 
monitoring of the lubricant feed state by remote control. The online monitoring is not limited to 
the configuration shown in Fig. 12, but may be a configuration including the data-collection 
monitoring device 35 and the personal computer 36 in combination with the foregoing 
embodiments, in which the date generated in the embodiments can be monitored using the data- 
collection monitoring device 35. The signal output from the lubricant- feed-state monitoring 
sensor 1 can be connected directly to the data-collection monitoring device 35. 
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[0135] The lubricant-feed-state monitoring devices monitor whether a specified amount or 
more of lubricant has been fed using the lubricant- feed-state monitoring sensor 1 disposed in lub- 
ricating points lubricated or lubricant feed pipes. Thus, monitoring devices are provided with 
various functions necessary and sufficient to monitor the lubricant feed state in various appli- 
cations by the combination of the lubricant-feed-state monitoring sensor 1 and various necessary 
components and devices as in the foregoing embodiments. This allows monitoring the lubricant 
feed state of lubricating points or the vicinity of the lubricating points, thus preventing initial 
failure due to poor lubricant feeding. 

[0136] The structures described herein are not limited to the foregoing structures, but may be 
modified variously. For example, although grease is used as lubricant in the foregoing embodi- 
ments, other various oily and fatty lubricants such as lubricant oil can be used. Although the 
foregoing give examples in which the device is applied to an automatic central lubricating 
device, the device can also be applied to manual lubricating systems. 

[0137] As shown in Fig. 13, the lubricant- feed-state monitoring sensor 1 may have a struc- 
ture in which the plug 4 is inserted directly in the top of the T-shaped pipe joint 2, and the 
detection member 6 is inserted into the T-shaped pipe joint 2 through an opening in the plug 4, 
and the top of the plug 4 is fixed with the resin 7 to fix one end of the detection member 6 and to 
prevent the leakage of lubricant from the T-shaped pipe joint 2. 

[0138] The structure shown in Fig. 14 is also possible in which the nipple 3 in which the plug 
4 is inserted is connected to the joint portion of the T-shaped pipe joint 2, and the detection 
member 6 is inserted into the T-shaped pipe joint 2 through the opening of the plug 4, and the top 
of the plug 4 is fixed with the resin 7 to fix one end of the detection member 6 and to prevent the 
leakage of lubricant from the T-shaped pipe joint 2. 
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[0139] Fig. 15 is a schematic diagram of in which the lubricant-feed-state monitoring sensor 
is incorporated in a lubricant feed circuit. 

[0140] The lubricant-feed-state monitoring sensor 1 is incorporated in part of a lubricant feed 
circuit configured of an automatic central lubrication device that feeds lubricant at regular 
intervals. Specifically, the lubricant-feed-state monitoring sensor 1 is disposed in a midpoint of 
the lubricant feed pipe 13 branching from the distributing valve 12. To monitor the feeding of 
lubricant to a lubricating point, it is preferable to dispose the lubricant-feed-state monitoring 
sensor 1 close to the bearing 14 which is a lubricating point, or to the bearing 14 itself. 
[0141] However, it is sometimes difficult to dispose the lubricant-feed-state monitoring sen- 
sor 1 in the vicinity of the bearing 14 under the environments of the site in which the facility is 
placed. In this case, as shown in Figure 16, it is preferable to dispose the lubricant- feed-state 
monitoring sensor 1 in a position where breakage can hardly occur. 

[0142] Fig. 17 is a simplified sectional view of the structure of a lubricant- feed-state moni- 
toring sensor according to another embodiment of the invention. 

[0143] The lubricant- feed-state monitoring sensor includes a Y-shaped pipe joint 21 in place 
of the T-shaped pipe joint 2 in the lubricant- feed-state monitoring sensors. 
[0144] The height of the lubricant-feed-state monitoring sensor can be reduced, thus offering 
the advantage that the monitoring sensor can be disposed in a narrow space that may interfere 
with other devices or apparatus. 

[0145] Fig. 18 is a simplified sectional view of the structure of a lubricant- feed-state mon- 
itoring sensor. 

[0146] This lubricant-feed-state monitoring sensor includes a cross-shaped pipe joint 22 in 
place of the T-shaped pipe joint 2 in the lubricant-feed-state monitoring sensor according to the 
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first embodiment. The cross-shaped pipe joint 22 has the plugs 4 inserted into two ends perpen- 
dicular to the flow. The planar detection member 6 having a sensing element is inserted in the 
cross-shaped pipe joint 22 through an opening in one of the plugs 4, and is supported by the plug 
4 on both ends. 

[0147] The detection member 6 passes through the lubricant feed pipe 13 and retained on the 
both sides. Thus, the height of one side can be reduced. 

[0148] Fig. 19 is a simplified sectional view of the structure of a lubricant- feed-state moni- 
toring sensor. 

[0149] This lubricant- feed-state monitoring sensor includes an elbow 23 in place of the T- 
shaped pipe joint 2 in another of the lubricant- feed-state monitoring sensors. 
[0150] This lubricant-feed-state monitoring sensor can be disposed in portions of the lubri- 
cant feed pipe 13 where the flow of the lubricant is changed. To detect the lubricant flow sensi- 
tively, it is preferable to dispose the detection member 6 in the vicinity of the outlet upstream in 
the lubricant feed pipe 13. 

[0151] In place of the elbow 23, a bend may be used as the pipe joint. The angle of the 
elbow 23 and the bend is not limited to 90 degrees, but may be any angle. 
[0152] Fig. 20 is a sectional view of the structure of a lubricant- feed-state monitoring sensor. 
[0153] This lubricant- feed-state monitoring sensor has the same structure as that of another 
of the sensors except that a strain detecting element is used as the detection member 6 in place of 
the piezo element 8. 

[0154] Fig. 21 is a sectional view of the detection member 6 viewed from the side. 

[0155] The detection member 6 has a strain gauge 16 as a strain detecting element, in which 

the strain gauge is bonded to the reinforcing plate 9, the whole of which is covered with the elas- 
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tic coating member 10. The strain gauge 16 is connected to the lead 11 via an electrode at the 
end thereof by soldering or the like. 

[0156] The reinforcing plate 9 may be made of any material that can generate strain by a 
given bending deflection, e.g., metal such as iron, or polymeric materials such as plastic. 
[0157] The strain gauge 16 may be bonded not only one side of the reinforcing plate 9 but 
also to both sides. A dummy gauge may also be used to compensate changes in temperature. 
Known various strain measuring methods may be used to measure normal strain. 
[0158] When lubricant is fed to the lubricant- feed-state monitoring sensor connected to the 
lubricant feed pipe 13, the lubricant flows in the direction of the arrow in Figure 20. Then the 
detection member 6 is bent downstream, with the portion fixed with the resin 7 as the fulcrum. 
As a result, the element wire of the strain gauge 16 is deflected to change in resistance. The 
change in resistance is sensed as a change in voltage by a Wheatstone bridge circuit (not shown), 
allowing measurement of amount of strain. 

[0159] Fig. 22 shows the waveform output from the lubricant- feed-state monitoring sensor 
using the strain detecting element. 

[0160] The axis of ordinate indicates the amount of strain, and the axis of abscissa indicates 
elapsed time from the left to the right. Three angular strain waveforms 19a, 19b, and 19c are 
formed by the bending strain caused by three times of intermittent pressure flow of lubricant act- 
ing on the detection member 6. When the flow of lubricant stops, the detection member 6 
recovers to the initial state by the elastic force of the reinforcing plate 9. As a result, the strain is 
going to recover to the initial state. In this way, the intermittent lubricant flow forms the angular 
strain waveforms with little noise. 
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[0161] The reason the waveform of Fig. 22 has the continuous angular strain waveforms is 
that it takes much time to recover to the initial state by the elastic force of the reinforcing plate 9. 
When the reinforcing plate 9 is made of a high-elasticity material, this phenomenon does not 
occur. However, this phenomenon presents no problem for an automatic central lubrication de- 
vice that feeds lubricant every several hours. 

[0162] The drawbacks of the strain gauge 16 include the drift of the zero point when lub- 
ricant changes in temperature. This problem can be solved by signal processing by applying the 
above-mentioned temperature compensation or using a high-pass filter. 

[0163] The lubricant-feed-state monitoring sensor has such a simple structure that uses the 
strain gauge 16 as the detection member 6. Accordingly, a compact and low-price lubricant- 
feed-state monitoring sensor can be provided as compared with that having a pressure sensor. 
[0164] The structure of a lubricant-feed-state monitoring device will be described having the 
function of counting the number of feedings of lubricant to determine the lubricant feed state, in 
addition to the above-described functions. 

[0165] Fig. 7 is a schematic diagram of the lubricant-feed-state monitoring device. When the 
lubricant- feed-state monitoring sensor shown in Fig. 13 is used as a modification of another of 
the structures, the counter unit 25 may connect directly to the T-shaped pipe joint 2. 
[0166] Figs. 23 A, 23B, and 23C are simplified sectional views of a lubricant- feed-state 
monitoring device. 

[0167] The lubricant-feed-state monitoring device shown in Figs. 23 A, 23B, and 23C has a 
structure in which the counter unit 25 is rotatably mounted on the lubricant- feed-state monitoring 
device of Fig. 7. 
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[0168] Specifically, Fig. 23 A shows a structure in which the counter unit 25 is rotatable 
about a longitudinal axis of the detection member 6. Fig. 23B shows a structure in which the 
counter unit 25 is rotatable about an axis perpendicular to the face on which the detector 6 
receives the dynamic pressure of lubricant. Fig. 23C shows a structure in which the counter unit 
25 is rotatable about the center axes in Figs. 23A and 23B. 

[0169] The counter unit 25 can be rotated at an appropriate angle irrespective of the state of 
the installation of the lubricant- feed-state monitoring device. Accordingly, the reader can easily 
read the count without the need to change his/her position. 

[0170] Fig. 24 is a simplified sectional view of a lubricant-feed-state monitoring device. 
[0171] The lubricant-feed-state monitoring device of Fig. 24 has a structure in which the 
counter unit 25 is mounted detachably to the T-shaped pipe joint 2 or the nipple 3 in the lubri- 
cant-feed-state monitoring device of Fig. 7, and the detection member 6 and the counter unit 25 
are connected via the lead 11. To allow the counter unit 25 to be detachable, the counter unit 25 
has a clamping mechanism or an attracting mechanism. 

[0172] Figs. 25 A and 25B show a state in which the counter unit 25 is mounted to the lubri- 
cant feed pipe 13. Fig. 25 A is a front view of the mounted state; and Fig. 25B is a sectional view 
of the mounted state. The counter unit 25 can be mounted to the lubricant feed pipe 13 with a 
clamping mechanism 34. Using a clip or the like for the clamping mechanism 34 can reduce the 
cost. 

[0173] Figs. 26A, 26B, and 26C show a state in which the counter unit 25 is mounted on the 
T-shaped pipe joint 2. Fig. 26A is a top view of the mounted state; Fig. 26B is a front view of 
the mounted state; and Fig. 26C is a side view of the mounted state. The counter unit 25 can be 
mounted on the T-shaped pipe joint 2 or the nipple 3 with the clamping mechanism 34. 
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[0174] According to the structure of Fig. 24, even if the detection member 6 or the like is 
mounted at a position that is difficult to access in operation for safety reasons, the count value 
can be read from a remote place in safety. The detachable structure of the counter unit 25 can 
simplify the joint portion structure of the lubricant-feed-state monitoring device, decreasing the 
cost. While this embodiment has been described for the structure using the clamping mechanism 
34, the invention is not limited to that, but the counter unit 25 may be demounted with an 
attracting mechanism using a magnet or the like so as to be detached. 

[0175] Fig. 27 is a simplified sectional view of the structure of a lubricant-feed-state 
monitoring device. 

[0176] The lubricant-feed-state monitoring device of Fig. 27 has a structure in which the 
detection member 6 and the counter unit 25 of the lubricant-feed-state monitoring device of Fig. 
7 are connected to each other with a flexible tube 20. The flexible tube 20 is made of a material 
or structure that can be expanded and contracted by applying force to the counter unit 25, and 
after the force is eliminated, that can be maintained in shape. 

[0177] The counter unit 25 can easily be moved to an appropriate position. Thus the count 
value can easily be read, improving the efficiency of checking and monitoring operations. The 
counter unit 25 may have the clamping mechanism or the attracting mechanism. 
[0178] Fig. 28 is a simplified sectional view of the structure of a lubricant- feed-state moni- 
toring device. 

[0179] The lubricant-feed-state monitoring device of Fig. 28 has a date setting mechanism 
capable of setting and displaying date in the lubricant-feed-state monitoring device of Fig. 7. 
[0180] To determine whether lubricant is being normally fed, it is necessary to read the count 
in a given period of time. Thus, by the structure in which the date at which the counter is reset, 
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i.e., the base date, is set and displayed on the lubricant-feed-state monitoring device, it can 
directly be determined locally whether the lubricant feed state is normal. 

[0181] While this structure has a rotary date setting device 30 for setting date by rotating 
rotational rings on which figures are displayed, as a date setting mechanism. Alternatively, a 
rotary date setting device 3 1 shown in Fig. 29 may be provided in which date is set by rotating 
discs on which figure are displayed. With a structure in which the rotary date setting device 33 
is disposed on the back of the counter unit 25 to allow the checker to set date with a cross slot 
screwdriver, the lubricant- feed-state monitoring device can be made compact. 
[0182] Fig. 30 is a simplified sectional view of the structure of a lubricant- feed-state moni- 
toring device. 

[0183] The lubricant- feed-state monitoring device of Fig. 30 includes a reset switch 32 for 
resetting the count value on the counter unit 25 of the lubricant-feed-state monitoring device of 
Fig. 7. 

[0184] It is necessary to read the count in a given period of time to determine whether 
lubricant is being normally fed. Accordingly, when the counter of the counter reset switch 32 
disposed on the lubricant- feed-state monitoring device is reset at checking, a normal count at the 
next checking can be grasped. This allows immediate local determination whether lubricant is 
being fed normally. 

[0185] Fig. 31 is a block diagram of a counter unit 25 of a lubricant- feed-state monitoring 
device. 

[0186] The signal from the detection member 6 is input to the counter unit 25 via the lead 1 1 . 
The counter unit 25 includes a counter 40 having only the function of counting the number of 
feedings of lubricant and displaying the value. Fig. 3 1 does not show the counter reset function. 
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[0187] The lubricant-feed-state monitoring device of this structure is a detection member 
having a minimum structure, so that it can be reduced in size and cost. 

[0188] Fig. 32 is a block diagram of a counter unit 25 of a lubricant-feed-state monitoring 
device. 

[0189] The counter unit 25 of Fig. 32 includes the counter 40, a timer 41, an arithmetic 
section 42, an alarm section 43, and an alarm setting section 44. 

[0190] The arithmetic section 42 determines whether a specified amount or more of lubricant 
has been fed in a given period of time, from the number of feedings of lubricant which is counted 
by the counter 40 and the time information of the timer 41. When the number of feedings in the 
period of time of the timer is smaller than a set value, that is, when no or a little lubricant has 
been fed in a given period of time, the alarm section 43 outputs an alarm. The threshold for out- 
putting the alarm, or the set value of the times of feedings is set by the alarm setting section 44. 
[0191] The lubricant- feed-state monitoring device of Fig. 32 can monitor and alarm failure in 
lubricant feeding with a relatively compact device. The components (40 to 44) constituting the 
counter unit 25 may either be integrated to one or be separated appropriately from one another 
and connected through a signal line. 

[0192] Fig. 33 is a block diagram of a counter unit 25 of a lubricant-feed-state monitoring 
device. The components having the functions of Fig. 32 are given the same numerals and their 
detailed description will be omitted. 

[0193] The counter unit 25 of Fig. 33 is different from that of the foregoing structure in that 
it has a distributing-valve-displacement-sensor signaling section 45 in place of the timer 41. A 
distributing-valve-displacement sensor (not shown) detects the operation of the distributing valve 
12, and the distributing-valve-displacement-sensor signaling section 45 takes in the operation 
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timing as a lubricant feed timing. When the count of the counter 40 does not increase in a given 
period of time after the distributing valve 12 has been activated, the arithmetic section 42 deter- 
mines that the feeding of lubricant is faulty, and the alarm section 43 alarms of it. The alarm set- 
ting section 44 sets the time for the determination of the arithmetic section 42. 
[0194] The lubricant-feed-state monitoring device of Fig. 33 includes the distributing- valve- 
displacement-sensor signaling section 45 in place of the timer 41 of Fig. 32, with which it detects 
the displacement of the distributing valve to grasp the timing at which the distributing valve 12 is 
activated, thus monitoring the lubricant feed state. Accordingly, it can detect abnormality faster 
than using the timer 41 . 

[0195] Fig. 34 is a block diagram of the structure of a counter unit 25 of a lubricant-feed- 
state monitoring device. The components having the same functions as Fig. 32 are given the 
same numerals and their detailed description will be omitted. 

[0196] The counter unit 25 of Fig. 34 is different from that of the structure of Fig. 32 in that 
it has a lubricant- feed-pump-start-up signaling section 46 in place of the timer 41. 
[0197] An automatic central lubrication control device (not shown) outputs a lubricant-feed- 
pump start-up signal. The lubricant-feed-pump-start-up signaling section 46 takes in the timing 
at which the lubricant-feed-pump start-up signal is turned on as the timing to feed lubricant. 
When the count of the counter 40 does not increase in a given period of time after the lubricant- 
feed-pump start-up signal has been turned on, the arithmetic section 42 determines that the feed- 
ing of lubricant is faulty, and the alarm section 43 alarms of it. The alarm setting section 44 sets 
the time for the determination of the arithmetic section 42. 

[0198] The lubricant-feed-state monitoring device of Fig. 34 has the lubricant- feed-pump- 
start-up signaling section 46 in place of the timer 41 of Fig. 32, with which it detects the ON 
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state of the lubricant- feed-pump start-up signal to monitor the lubricant feed state. Accordingly, 
it can detect abnormality faster than using the timer 41. 

[0199] Fig. 35 is a block diagram of the structure of a counter unit 25 of a lubricant- feed- 
state monitoring device. The components having the same functions as Fig. 32 are given the 
same numerals and their detailed description will be omitted. 

[0200] The counter unit 25 of Fig. 35 is different from that of the structure of Fig. 32 in that 
it has a radio data-transmitting section 47 in addition to the structure of the counter unit 25 of 
Fig. 32. 

[0201] The radio data-transmitting section 47 transmits at least one of signals indicative of 
the count, the result of determination on lubricant feed state, the alarm output to a radio data- 
receiving section 48. The timing of transmission may either be periodic or at the time a data 
transmission request is given from the exterior. 

[0202] With the lubricant- feed-state monitoring device of Fig. 35, the user can collect data 
on the lubricant feed state of facilities that are difficult to access in operation for safety reasons 
and monitor it. 

[0203] Fig. 36 is a block diagram of the structure of a counter unit 25 of a lubricant-feed- 
state monitoring device. The components having the same functions as Fig. 32 are given the 
same numerals and their detailed description will be omitted. 

[0204] The counter unit 25 of Fig. 36 is different from that of the structure in Fig. 32 in that 
it has a data collecting section 50 in addition to the structure of the counter unit 25 of Fig. 32. 
[0205] The lubricant-feed-state monitoring device of Fig. 36 is configured as an online moni- 
toring system. Specifically, the data collecting section 50 transmits data on the lubricant feed 
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state to a data management system 51 via a communication line such as cable, radio, telephone 
line, and LAN. 

[0206] This structure allows centralized continuous monitoring of the lubricant feed state of 
particularly important facilities by remote control. The online monitoring is not limited to the 
configuration shown in Fig. 36, but may be a combination with the foregoing structure, in which 
the date generated in the structure is sent to the data management system 5 1 via the data collect- 
ing section 50, and monitored. 

[0207] The alarm section 43 may be constructed using various systems. For example, for 
light alarms, the lubricant-feed-state monitoring device may have either a light-emitting diode or 
a Patlite (registered trademark) that flashes at remote sites. 

[0208] For sound alarms, the lubricant-feed-state monitoring device may have a speaker, or 
alternatively, sound may be output via a separate sound alarm section disposed in a remote 
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operators cabin or maintenance section. 

[0209] For display alarms, either an electronic display or mechanically switching display 
may be provided. For example, as shown in Fig. 37, the counter unit 25 may include a rotary 
disc 55 that is color-coded in normal and abnormal conditions, and the lubricant feed state can be 
viewed through an alarm display window 56. 

[0210] As shown in Fig. 38A, the counter unit 25 may have a flat plate 57 that is color-coded 
in normal and abnormal conditions, which is pushed to a pin 59 with a spring 58. In emergency, 
the pin 59 is released to move the flat plate 57 so that the lubricant feed state is viewed through 
the alarm display window 56, as shown in Fig. 38B. After the alarm is displayed, the display can 
be returned to the initial state by pushing a rod 60. 
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[0211] The use of the lubricant-feed-state monitoring devices according to the foregoing 
structure allows monitoring whether a necessary amount of lubricant has been fed to facilities 
such as rotary machines under various conditions. Combining the lubricant-feed-state moni- 
toring devices with the components and devices of the foregoing embodiments provides lubri- 
cant-feed-state monitoring devices having new functions. This allows provision of lubricant- 
feed-state monitoring devices with functions necessary and sufficient to prevent initial abnor- 
mality of various facilities due to imperfect lubricant feeding. 

[0212] The lubricant-feed-state monitoring devices can be applied not only to grease but to 
oil. 

[0213] Since the foregoing structures have various steps, various advances can be taken out 
through appropriate combination of the plurality of disclosed components. For example, even if 
some of all the components of the structure is eliminated, a structure without the components can 
be extracted provided that the problems to be solved can be solved and the advantages can be 
offered. 

[0214] Fig. 39 is a graph of a method of monitoring a lubricant feed state. When the number 
of feedings of lubricant falls below a predetermined number in a predetermined period of time, it 
is determined that the lubricant feed state is abnormal. 

[0215] In the example of Fig. 39, the number of lubricant feedings in a predetermined period 
of time was one per two hours (five per ten hours). Specifically, the number of feedings was 
normal, one per two hours (five per ten hours), until 40 hours; the number decreased to zero per 
hour from 40 through 50 hours, and increased again to a normal number, one per two hours from 
50 through 60 hours. The number of lubricant feedings from 40 through 60 hours fell below the 
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predetermined number in a fixed time. This is because the line of the apparatus to be lubricated 
stopped. 

[0216] The number of feedings returned to normal, one per two hours, from 60 through 70 
hours, but fell below the predetermined number at 80 hours. Accordingly, it was determined that 
the lubricant feed state was abnormal. Fig. 40 is a graph in which the changes in number of lub- 
ricant feedings in a predetermined period of time shown in Fig. 39 were replaced with the 
cumulative numbers of lubricant feedings. Fig. 40 also allows the lubricant feed state to be mon- 
itored, as in Fig. 39. 

[0217] Specifically, the graph in Fig. 40 had a straight line with a constant slope (the number 
of lubricant feedings per hour) from zero through 40 hours, and when the line of the apparatus 
that needs to be fed with lubricant was stopped from 40 through 50 hours, the graph temporarily 
had a horizontal line. Then the graph from 50 through 70 hours had a straight line with the same 
slope as that from zero through 40 hours. The slope angle decreased from 80 hours. Thus, it was 
determined that the lubricant feed state was abnormal. 

[0218] Fig. 41 is a graph of a method of monitoring a lubricant feed state. The graph shows 
an example of changes in the peak voltage of sensor output with time which were measured us- 
ing a peak hold circuit. When a sensor output waveform is input to an oscilloscope or another 
analyzer having a peak hold function, the peak voltage of the sensor output can easily be 
provided. The peak voltage of the sensor output is measured from a sensor output waveform by 
peak hold processing, and when the peak voltage comes out of a predetermined range, it is deter- 
mined that the lubricant feed state is abnormal. Specifically, a lower threshold and an upper 
threshold are set for peak voltage. When the peak voltage becomes smaller than the lower 
threshold, it can be determined that the amount of lubricant has decreased or stopped; when the 
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peak voltage has exceeded the upper threshold, it can be determined that lubricant has clogged 
downstream of the sensor. In the example of Fig. 41, the lower threshold of peak voltage set on 
the basis of a measured initial voltage was 0.15 V, and the upper threshold was 0.4 V. 
[0219] To reduce the data sampling cycle, it is preferable to set the lower threshold and the 
upper threshold of the peak voltage in consideration of the possibility of slight variations in peak 

* 

hold processing. 

[0220] In the example of Fig. 41, the lubricant feed state was normal with the peak voltage of 
0.2 V until 30 hours, but it fell below the lower threshold 0.15V to reach 0.1 V at 40 hours, so 
that it was determined that lubricant feed state was poor. The peak voltage 0. 1 V continued from 
40 through 60 hours. The peak voltage further fell to zero at 70 hours, so that it was determined 
that no lubricant was being fed. The peak voltage rose sharply at 90 hours to exceed the upper 
threshold 0.4 V to reach 0.5V, so that it was determined that the part downstream from the sensor 
had clogged. This is because when the part downstream from the sensor clogs, the pressure at 
the sensor increases to apply a large force to the piezo element or the strain gauge, thus increas- 
ing the peak voltage. 

[0221] The lubricant feed state can also be determined easily, without the peak hold pro- 
cessing, by visually measuring peak-to-peak voltage on the screen of an oscilloscope to deter- 
mine a peak voltage, although it may include a slight error. 

[0222] Fig. 42 shows a test screen of an oscilloscope on which a waveform output from a 
sensor is displayed. It shows four different lubricant feed states, normal, short, no lubricant, and 
clogging downstream from the sensor, from the left to right of the graph. Fig. 42 shows the 
results of a test in which lubricant is fed at intervals of one second, with the different states for 
five seconds each. 
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[0223] Fig. 43B shows the results of an experiment in which the sensor part member 6 of the 
lubricant- feed-state monitoring device that uses a piezo element, shown in Figs. 1, 13, and 14, 
was cut at 10 mm intervals from the distal end A, and the capacitances from 0 mm (not cut) to 50 
mm in cut length were measured using a capacitance level meter. 

[0224] Fig. 43B shows that the capacitance was 15,300 pF when the sensor has not been cut 
(the initial value), while the capacitance was 13,200 pF when the sensor was cut by 10 mm from 
the distal end, and finally, it reduced significantly to 2,900 pF when the sensor was cut by 50 mm 
from the distal end. In other words, the length of the piezo element and the capacitance were 
approximately in proportion to each other. 

[0225] Abnormality of sensors using a piezo element is generally caused by the breakage of 
the vicinity of the fixing portion of the sensor due to the bending stress of lubricant, in which 
case the capacitance of the sensor is reduced significantly, facilitating determination whether the 
sensor fixing portion is broken. 

[0226] Thus, when abnormality was detected in the examples of Figs. 39 to 42 after the mon- 
itoring of lubricant feed state has been started, the capacitance of the sensor is measured, and 
when the capacitance is smaller than a predetermined threshold, it is determined that the sensor is 
abnormal, so that abnormality owing to the abnormal sensor can be removed from the deter- 
mination on abnormality based on the count of lubricant feedings or the determination on abnor- 
mality based on the peak voltage. In the example of Fig. 43B, the threshold was preset to 12,000 
pF in consideration of the breakage of the sensor by 10 mm from the distal end. 
[0227] Specifically, the method of monitoring the lubricant feed state, shown in Figs. 39 to 
42, allows determination on the abnormality of the lubricant feed state. However, the experi- 
mental results shown in Fig. 43B shows that when a piezo element, or a piezoelectric element, is 
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used as a sensor, determination on abnormality based on the count of lubricant feedings or the 
determination on abnormality based on the peak voltage can easily be corrected by measuring the 
capacitance of the sensor even if the apparent lubricant feed state is abnormal. Briefly, abnor- 
mality due to the abnormality of the sensor can advantageously be eliminated from those deter- 
minations on abnormality. 

[0228] With the lubricant-feed-state monitoring device using the strain gauge as the sensor, 
as shown in Fig. 20, a break of the strain gauge can be checked by measuring the insulation resis- 
tance of the strain gauge. Measuring static strain allows determination whether the strain gauge 
is normal. 

[0229] The structure may be applied not only to an automatic feeding unit for feeding bear- 
ings etc. with lubricant such as grease, but also to a manual feeding unit. 

Industrial Applicability 

[0230] The feed state of lubricant to lubricating points can reliably be monitored at low cost 

in the vicinity of the lubricating points, allowing application to various necessary portions to be 

lubricated, such as bearings of rotary machines. This allows imperfect lubrication to be found 

♦ 

early, thus preventing troubles. 
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